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(54) Battery module disconnect arrangement

(57) The invention relates to a method and an ar-
rangement for disconnecting one or more battery mod-
ules in an automotive battery.

The arrangement for disconnecting at least one of a
plurality of battery modules (11, 12, 13) in an automotive
battery (10) comprises a device (14) arranged to detect
that said at least one battery module is to be disconnect-
ed, and a bypass switch (15, 16, 17) arranged at each
battery module, wherein the bypass switch arranged at

the detected at least one battery module is controllable
to bypass the at least one detected battery module via a
bypass path. The arrangement further comprises a dis-
connect switch (21, 22, 23) arranged at each battery mod-
ule, wherein the disconnect switch arranged at the at
least one bypassed battery module is controllable to dis-
connect the at least one detected battery module from
remaining battery modules, either simultaneously as, or
after, the bypassing of the detected battery module.
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Description

TECHNICAL FIELD

[0001] The invention relates to a method and an ar-
rangement for disconnecting one or more battery mod-
ules in an automotive battery.

BACKGROUND

[0002] An automotive battery for use in a motor vehicle
may cause great damages to the motor vehicle in which
the battery is situated in case of battery failure. This is
particularly evident in the case of a vehicle crash or ac-
cident where severe vehicle damages and even passen-
ger injuries may arise due to high magnitude short-cut
currents causing vehicle fire. Further damaging battery
failure situations include high-magnitude currents in sur-
rounding conducting structures of the vehicle, e.g. short-
cut currents, forming of gas in Lithium-ion batteries and
damaged mechanical and/ or electronic components
which in its turn could cause vehicle breakdown and ul-
timately a vehicle crash.
[0003] International patent application WO 2009/
106394 discloses a battery pack for use in a motor vehicle
having a plurality of battery modules which individually
can be disconnected and/ or bridged in the event of a
fault in one or more of the battery modules, in order to
make it possible to preclude a destructive chain reaction
within a battery pack.
[0004] A further problem that may arise in prior art au-
tomotive batteries is that a faulty battery module may
cause high short-cut currents and arcing may occur be-
tween conductors in the automotive battery causing dam-
ages and even fires.

SUMMARY

[0005] An objective of the present invention is to solve
or at least mitigate the problem of arcing and to provide
an improved arrangement for disconnecting one or more
battery modules in an automotive battery.
[0006] This objective is attained in a first aspect of the
invention by a method of disconnecting at least one of a
plurality of battery modules in an automotive battery. The
method comprises the steps of detecting that said at least
one battery module is to be disconnected, bypassing the
at least one detected battery module and disconnecting
the at least one detected battery module from remaining
battery modules comprised in the automotive battery no
earlier than simultaneously as the bypassing.
[0007] This objective is attained in a second aspect of
the invention by an arrangement for disconnecting at
least one of a plurality of battery modules in an automo-
tive battery. The arrangement comprises a device ar-
ranged to detect that said at least one battery module is
to be disconnected, and a bypass switch arranged at
each battery module, wherein the bypass switch ar-

ranged at the detected at least one battery module is
controllable to bypass the at least one detected battery
module via a bypass path. The arrangement further com-
prises a disconnect switch arranged at each battery mod-
ule, wherein the disconnect switch arranged at the at
least one bypassed battery module is controllable to dis-
connect the at least one detected battery module from
remaining battery modules no earlier than simultaneous-
ly as the bypassing.
[0008] Thus, each battery module in the automotive
battery can be individually bypassed and disconnected
upon selection by means of control of the bypass switch
and the disconnect switch that are arranged at each bat-
tery module. During operation of the automotive battery
arranged in an electric or hybrid motor vehicle, each bat-
tery module delivers power to a load in the form of an
electric motor, i.e. an inductive load. In case it is detected,
for example by an electronic control unit (ECU) of the
motor vehicle, that one or more battery modules should
be disconnected, either due to a fault or if reduced per-
formance of the battery is desired, the bypass switch(es)
arranged at the module(s) to be disconnected are con-
trolled to close a bypass path via which the detected mod-
ule is bypassed and simultaneously or subsequently, the
disconnect switch(es) arranged at the module(s) to be
disconnected are controlled to disconnect the detected
module(s) from the remaining battery modules in the au-
tomotive battery. It should be noted that it may be desir-
able to disconnect one or more battery modules for pro-
phylactic reasons, for instance if the ECU receive an in-
dication that there is a risk that a fault for some reason
is to occur, even if the indicated fault subsequently does
not occur. Moreover, if one or more battery modules are
disconnected, electric imbalance may arise in the battery,
leading to a need for disconnection of further (function-
ing) battery modules to attain electric balance.
[0009] In a practical example, an automotive battery
delivers 300 V to the electric motor by serially connecting
five battery modules each delivering 60 V. In normal op-
eration, the voltage provided by the battery will be in-
duced in the inductive element and cause a current to
flow. If one or more battery modules are disconnected
from the battery, the inductive load (i.e. the electric motor)
will attempt to maintain the same current since an induc-
tor to its nature resists any changes in current. A de-
crease in inductor current resulting from disconnected
battery module(s) will result in a voltage over the inductor
opposing the decrease in inductor current. This rise in
voltage may be very steep since U = L*dI/dt, where U
denotes the voltage across the inductor, L is the induct-
ance, and I is the current flowing through the inductor,
and cause a so called inductive kick-back. When the bat-
tery module is disconnected, a parasitic capacitance in
the switching mechanism at the battery module perform-
ing the disconnection may be charged by a very high
voltage, potentially causing a flow of current to arc be-
tween the two terminals of the switching mechanism in
the battery with resulting damage of various components

1 2 



EP 2 811 548 A1

3

5

10

15

20

25

30

35

40

45

50

55

and even fire in the vehicle.
[0010] Therefore, according to the invention, the de-
tected battery module is first bypassed and thereafter,
the bypassed module is disconnected from the remaining
battery modules in the automotive battery, or the bypass-
ing and disconnecting of the detected battery module is
undertaken simultaneously. The bypassing of the detect-
ed battery module will have the kickback-current of the
electric motor flow via the bypass path, and disconnec-
tion can be performed without the risk of causing arcing,
thereby greatly improving the robustness of the battery.
Further advantageous is that limited operation of the bat-
tery is provided such that a driver of the motor vehicle is
given an opportunity to move her vehicle from a busy
stretch of road or even drive the vehicle to a workshop.
[0011] The disconnection of one or more battery mod-
ules can in an embodiment of the present invention be
indicated to a driver of the vehicle via information pre-
sented on the control panel of the vehicle.
[0012] If required, all battery modules can be instantly
bypassed and disconnected, or the modules can be by-
passed and disconnected one by one in a sequence, in
case of a situation as e.g. a severe car accident in order
to prevent the battery or surrounding equipment from
catching fire.
[0013] In an embodiment of the present invention, the
arrangement further comprises a discharge switch and
an energy draining device in the form of e.g. a resistor
arranged at each battery module. The discharge switch
arranged at the battery module to be disconnected is
controllable to couple the disconnected battery module
to the energy draining device such that the module is
discharged either simultaneously as, or after, the discon-
nection of the same. Advantageously, a faulty battery
module can be discharged in a lenient manner to avoid
any further damage.
[0014] In a further embodiment of the present inven-
tion, the arrangement further comprises means arranged
at each battery module for sensing a current in the bypass
path of one or more bypassed battery modules subse-
quently to be disconnected. The means for sensing a
current is arranged to control the disconnect switch to
disconnect the at least one bypassed battery module
when the current in the bypass path has reached a pre-
determined threshold level. Thus, by dimensioning the
sensing device such that it reacts when a predetermined
threshold current level has been reached, an automated
disconnection mechanism is advantageously provided.
[0015] In an alternative embodiment, the current sens-
ing means are arranged at a terminal of the respective
battery module and connected to the bypass switch of
the respective battery module for controlling the bypass
switch. As soon as the means senses that the current at
a terminal (e.g. the positive terminal) of the battery mod-
ule reaches a predetermined level, it will respond accord-
ingly and control the bypass switch to bypass the battery
module via the bypass path. Thus, in this particular em-
bodiment, the respective current sensing means will ad-

vantageously act as a device for detecting that a battery
module is to be disconnected.
[0016] In a further embodiment, each of the current
sensing means is coupled to the respective disconnect
switch for activating the disconnect switch. When the cur-
rent sensing means senses that the current at the positive
terminal of the battery module reaches the predeter-
mined level, it will respond by controlling the disconnect
switch to disconnect the battery module from the main
power supply line of the automotive battery either simul-
taneously as, or after, the bypass switch has been con-
trolled by the current sensing means to bypass the battery
module via the bypass path.
[0017] In still a further embodiment, each of the current
sensing means is coupled to the respective discharge
switch for activating the discharge switch simultaneously
as, or after, activation of the disconnect switch. Thus, the
current sensing means will further control discharge of
the battery module via the discharge switch to the energy
draining device when the current sensing means senses
an over-current at a terminal of the battery module.
[0018] An advantage of having the respective current
sensing means control detection, bypass, disconnection
and even discharge of the respective battery module is
that an ECU strictly not is required in the arrangement of
the present invention. By using passive components (and
not having to included a component such as a microproc-
essor), the arrangement for disconnecting one or more
battery modules becomes inexpensive and less com-
plex. Moreover, the arrangement will be easier to imple-
ment inside the automotive battery with passive compo-
nents.
[0019] The current sensing device is in an embodiment
realized by means of a coil arranged in the bypass path
and connected to the disconnect switch for controlling
the disconnect switch. Thus, as soon as the coil senses
that the short-circuit current through the bypass path
reaches a predetermined level, it will respond accordingly
and control the disconnect switch to disconnect the by-
passed battery module. Advantageously, this detection
of current and triggering of the disconnect switch is au-
tonomous.
[0020] In an alternative embodiment, the current sens-
ing device is realized by means of a current shunt ar-
ranged in the bypass path for measuring the current in
the bypass path. In this embodiment, the ECU would typ-
ically be used for determining the current and controlling
the disconnect switch. Further alternatives for sensing
the current in the bypass path are Hall elements or pie-
zoelectric sensors.
[0021] Moreover, it is possible to detect a noise level
of the current and thus determine a characteristic of the
current, i.e. magnitude and/ or frequency of the current.
[0022] In a further alternative, in case e.g. an ECU is
used for controlling the switches of the arrangement, the
ECU could control the disconnect switch(es) to discon-
nect the bypassed battery module(s) after a certain time
has elapsed from the moment of bypassing the modules,
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such as e.g. 1 ms or more. A vehicle may contain a great
number of interconnected ECUs for controlling all prop-
erties of the vehicle such as a brake control module
(BCM) or a speed control module (SCM). The vehicle
could even comprise a particular crash ECU receiving
information from an battery monitoring unit (BMU), which
detects various physical properties of the battery such
as voltage, current, temperature, state of charge (SOC)
etc., for management of the battery.
[0023] In a further embodiment of the present inven-
tion, the disconnecting switches are realized by means
of pyrotechnical switches arranged to disconnect the bat-
tery modules upon ignition. When a pyrotechnical charge
is ignited, a conducting path between the battery module
and the main power delivery line of the automotive battery
is removed, hence disconnecting the battery module from
the remaining battery modules in the automotive battery.
An advantage of using a pyro switch as compared to for
instance fuses is that switching time is independent of
the passing current, which implies instant switching.
[0024] In yet further embodiments of the present in-
vention, the bypass switches and/ or the discharge
switches are realized by means of pyrotechnical switches
arranged to cause a movable bridging element arranged
at the pyrotechnical element of the respective type of
switch to move to a position for closing a conductive path.
Upon ignition of a pyrotechnical charge, the bridging el-
ement will move to the closed position, which (a) for the
bypass switch means that the bridging element closes
the bypass path to the main power delivery line of the
automotive battery, and (b) for the discharging switch
means that the bridging element closes a circuit between
the battery module and the energy draining device.
[0025] The object of the present invention is further
attained in a third aspect of the present invention by an
arrangement for disconnecting all battery modules in an
automotive battery. The arrangement comprises a de-
vice arranged to detect that the battery modules are to
be disconnected, a bypass switch arranged at the auto-
motive battery controllable to bypass the battery modules
via a bypass path, and a disconnect switch arranged at
each battery module. The disconnect switch is arranged
at the respective battery module and is controllable to
disconnect the respective battery module from a main
power delivery line of the automotive battery either si-
multaneously as, or after, bypassing is/has been per-
formed. Hence, the disconnection is performed no earlier
than simultaneously as the bypassing.
[0026] In case the battery modules only are to be dis-
connected in case of a more severe accident, thus war-
ranting instant disconnection of all battery modules, the
arrangement of the third aspect is advantageous in that
only a single bypass switch is required for instantly by-
passing all battery modules via the bypass path. After,
or simultaneously as, the bypassing of the battery mod-
ules has been undertaken the disconnect switches are
controlled to disconnect all battery modules. With this
particular arrangement, the vehicle cannot be driven

since all power is removed from the electric motor.
[0027] It is noted that the invention relates to all pos-
sible combinations of features recited in the claims. Fur-
ther features of, and advantages with, the present inven-
tion will become apparent when studying the appended
claims and the following description. Those skilled in the
art realize that different features of the present invention
can be combined to create embodiments other than
those described in the following.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The invention is now described, by way of ex-
ample, with reference to the accompanying drawings, in
which:

Figure 1 illustrates an embodiment of an arrange-
ment for disconnecting one or more battery modules
of an automotive battery;

Figure 2 illustrates a further embodiment of an ar-
rangement for disconnecting one or more battery
modules of an automotive battery;

Figure 3 illustrates yet a further embodiment of an
arrangement for disconnecting one or more battery
modules of an automotive battery;

Figure 4 shows an alternative embodiment to that
illustrated in Figure 3;

Figures 5a-b illustrate pyrotechnical switches ac-
cording to embodiments of the present invention;

Figure 6 shows a flowchart of a method of discon-
necting one or more battery modules in an automo-
tive battery according to an embodiment of the
present in ven tion ;

Figure 7 shows an arrangement for bypassing all
battery modules in an automotive battery according
a further aspect of the present invention; and

Figure 8 shows an alternative arrangement for by-
passing all battery modules in an automotive battery
according the further aspect of the present in ven
tion .

DETAILED DESCRIPTION

[0029] The invention will now be described more fully
hereinafter with reference to the accompanying draw-
ings, in which certain embodiments of the invention are
shown. This invention may, however, be embodied in
many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these
embodiments are provided by way of example so that
this disclosure will be thorough and complete, and will
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fully convey the scope of the invention to those skilled in
the art. Like numbers refer to like elements throughout
the description.
[0030] Figure 1 illustrates an embodiment of an ar-
rangement for disconnecting one or more battery mod-
ules of an automotive battery. An automotive battery 10
comprising three serially connected battery modules 11,
12, 13 is located in an electric or hybrid vehicle for deliv-
ering power to a load in the form of an electric motor (not
shown). The arrangement comprises a device 14 ar-
ranged to detect that one or more battery modules are
to be disconnected. This device 14 may be embodied in
the form of an electronic control unit (ECU) as previously
discussed, which typically is implemented by one or more
microprocessors executing appropriate software for con-
trolling various systems and components in the electric
vehicle. The ECU 14 may detect that one or a multiple
selection of the battery modules should be disconnected
(for instance as a consequence of a vehicle crash or an
internal failure during e.g. a charging event, dendrite for-
mation, other types of internal shortage, etc.). In the fol-
lowing exemplifying embodiment, the ECU 14 is as-
sumed to detect that the first battery module 11 for some
reason is faulty and should be disconnected. The driver
of the vehicle will still be able to move the car in spite of
the reduced power delivery capacity of the battery 10.
[0031] A bypass switch 15, 16, 17 is arranged at each
battery module and is controllable to bypass the respec-
tive battery module 11, 12, 13 via a bypass path 18, 19,
20. Hence, the ECU 14 detects that the first battery mod-
ule 11 is faulty and should be disconnected. The ECU
14 send a control signal to the bypass switch 15 arranged
at the first battery module 11 to close the bypass path
18. As previously mentioned, this may be performed by
having a pyrotechnic charge move a bridging element
upon ignition to close the bypass path 18 to the main
power delivery line 24 of the automotive battery 10.
[0032] Further, a disconnect switch 21, 22, 23 is ar-
ranged at each battery module and is controllable to dis-
connect the respective battery module 11, 12, 13 from
the remaining battery modules. Hence, after the ECU 14
has bypassed the first battery module 11, or simultane-
ously with the bypassing, it sends a control signal to the
disconnect switch 21 to disconnect the first battery mod-
ule 11. This may be performed by having a pyrotechnic
switch break a conductive path between the positive ter-
minal of the first battery module 11 and the main power
delivery line 24 of the automotive battery 10. Since the
potentially damaging current flows in the bypass path 18,
a low-rated pyrotechnic switch can be used for discon-
nection.
[0033] Advantageously, as previously discussed, the
detected battery module is bypassed and thereafter, the
bypassed module is disconnected from the remaining
battery modules in the automotive battery, or the bypass-
ing and the disconnecting of the battery module is un-
dertaken simultaneously. The bypassing of the detected
battery module will have the kickback-current of the elec-

tric motor flow via the bypass path, and disconnection
can be performed without the risk of causing arcing,
thereby greatly improving the robustness of the battery.
Further advantageous is that limited operation of the bat-
tery is provided such that a driver of the motor vehicle is
given an opportunity to move her vehicle from a busy
stretch of road or even drive the vehicle to a workshop.
[0034] Figure 2 shows a further embodiment of an ar-
rangement for disconnecting one or more battery mod-
ules of an automotive battery. In addition to the embod-
iment shown in Figure 1, the arrangement further com-
prises a discharge switch 25, 26, 27 and an energy drain-
ing device 28, 29, 39 in the form of e.g. a resistor arranged
at each battery module 11, 12, 13. The discharge switch
25, e.g. a pyrotechnical switch, arranged at a disconnect-
ed battery module 11 is controllable to couple the dis-
connected battery module 11 to the energy draining de-
vice 28 such that the module is discharged. Advanta-
geously, a faulty battery module can be discharged in a
lenient manner to avoid any further direct and/ or delayed
damage. Further, since only a battery module voltage in
the range of 30-120 V (preferably below 60 V) remains,
a low-rated pyro switch can be used.
[0035] Figure 3 shows a further embodiment of an ar-
rangement for disconnecting one or more battery mod-
ules of an automotive battery. In addition to the embod-
iment shown in Figure 2, the arrangement further com-
prises current sensing means 31a, 32a, 33a realized by
means of a coil arranged in the bypass path 18, 19, 20
of the respective battery module 11, 12, 13 and connect-
ed to the disconnect switch 21, 22, 23 of the respective
battery module for controlling the disconnect switch. As
soon as the coil 31a senses that the short-circuit current
through the bypass path 18 reaches a predetermined
level (vehicle and/ or battery dependent; could reach e.g.
1000 A in a truck), it will respond accordingly and control
the disconnect switch 21 to disconnect the bypassed bat-
tery module 11. Further, in an embodiment, each of the
current sensing means 31a, 32a, 33a is coupled to the
respective discharge switch 25, 26, 27 for activating the
discharge switch simultaneously as, or after, activation
of the disconnect switch.
[0036] The controlling of the disconnect switch 21 by
means of the current sensing means 31a can be com-
plemented with control signals from the ECU 14; in case
the current flowing through the bypass path 18 is too low
for the current sensing means 31a to react, the ECU could
control the disconnect switch 21 to disconnect the battery
module 11 from the main power delivery line 24 of the
automotive battery 10.
[0037] Figure 4 shows an alternative embodiment to
that illustrated in Figure 3. In this alternative embodiment,
the current sensing means 31b, 32b, 33b realized by
means of coils are arranged at a terminal of the respective
battery module 11, 12, 13 and connected to the bypass
switch 15, 16, 17 of the respective battery module for
controlling the bypass switch. As soon as the coil 31b
senses that the current at a terminal (e.g. the positive
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terminal) of the battery module 11 reaches a predeter-
mined level (vehicle and/ or battery dependent), it will
respond accordingly and control the bypass switch 21 to
bypass the battery module 11 via the bypass path 18.
Thus, in this particular embodiment, the respective coil
31b, 32b, 33b will advantageously act as a device for
detecting that a battery module is to be disconnected.
[0038] In a further embodiment, each of the current
sensing means 31b, 32b, 33b is coupled to the respective
disconnect switch 21, 22, 23 for activating the disconnect
switch simultaneously as, or after, activation of the by-
pass switch. When the coil 31b senses that the current
at the positive terminal of the battery module 11 reaches
the predetermined level, it will respond by controlling the
disconnect switch 21 to disconnect the battery module
11 from the main power supply line 24 of the automotive
battery 10 either simultaneously as, or after, the bypass
switch 15 has been controlled by the coil 31b to bypass
the battery module 11 via the bypass path 18.
[0039] In still a further embodiment, each of the current
sensing means 31b, 32b, 33b is coupled to the respective
discharge switch 25, 26, 27 for activating the discharge
switch simultaneously as, or after, activation of the dis-
connect switch. Thus, the coil 31b will further control dis-
charge of the battery module 11 via the discharge switch
25 to the energy draining device 28 when the coil 31b
senses an over-current at the positive terminal of the bat-
tery module 31b.
[0040] An advantage of having the respective coil 31b,
32b, 33b control detection, bypass, disconnection and
even discharge of the respective battery module 11, 12,
13 is that an ECU strictly not is required in the arrange-
ment of the present invention. By using passive compo-
nents (and not having to included a component such as
a microprocessor), the arrangement for disconnecting
one or more battery modules becomes inexpensive and
less complex. Moreover, the arrangement will be easier
to implement inside the automotive battery with passive
components.
[0041] In yet another embodiment, the arrangement of
the present invention further comprises a delay circuit
(not shown) at each battery module 11, 12,13 for delaying
the control signal transmitted to the respective bypass
switch 15, 16, 17 and/ or disconnect switch 21, 22 23
(and discharge switch 25, 26, 27). This delay circuit is
preferably embodied by means of a passive component
in the form of a capacitor, possibly supplemented with
one or more resistors, in order to cause a delay of the
control signal. This is advantageous in case disconnec-
tion is to be performed after bypassing. Further, by using
passive components, the delay is completely autono-
mous. However, it is further possible that the control sig-
nal is delayed by one or more microprocessors (not
shown) arranged locally at the automotive battery 10, or
even by the ECU 14.
[0042] Thus, in case disconnection of e.g. the first bat-
tery module 11 is to be undertaken 1 ms after bypassing
of the same has been performed, a delay circuit could

be dimensioned such that a control signal of a sufficient
magnitude reaches the disconnect switch 21 ms after it
reaches the bypass switch 15. In case a microprocessor
is used, more advanced control is facilitated.
[0043] Figures 5a-b illustrate the pyrotechnical switch-
es according to embodiments of the present invention
previously discussed. Figure 5a illustrates a pyrotechni-
cal switch which combines connecting and disconnecting
functionality. It is understood that pyrotechnical switches
providing single functionality (connecting or disconnect-
ing) can be used. However, such single functionality
switches would each require their own charge for activa-
tion. The pyrotechnical switch of Figure 5a comprises a
pyrotechnical charge 40, which when ignited activates a
piston-like movable bridging element 41 closing a first
conductive path 42. Hence, the bridging element 41 is
conductive. Simultaneously, upon ignition of the pyro-
technical charge 40 by the control signal, a piston-like
movable breaking element 43 opens a second conduc-
tive path 44. The breaking element 43 is hence isolating.
Thus, the bypass switch 15, 16, 17 at each battery mod-
ule 11, 12, 13 may be embodied by the bridging element
41 and the first conductive path 42, while the disconnect
switch 21, 22, 23 at each battery module may be embod-
ied by the breaking element 43 and the second conduc-
tive path 44, and combined in the same housing for each
battery module along with a single charge 40.
[0044] Figure 5b illustrates a pyrotechnical switch
where the bypass switch 15, 16, 17, the disconnect switch
21, 22, 23 and the discharge switch 25, 26, 27 for the
respective battery module 11, 12, 13 are combined in the
same housing. Thus, the pyrotechnical charge 40 acti-
vates a first movable bridging element 41 closing a first
conductive path 42 upon ignition by the control signal for
bypassing a battery module. Simultaneously, the mova-
ble breaking element 43 opens a second conductive path
44 for disconnecting the battery module. Further, a sec-
ond movable bridging element 45 closes a third conduc-
tive path 46 for discharging the battery module.
[0045] As can be seen, a great number of combinations
are possible for the pyrotechnical switches. An advan-
tage of using a pyro element as compared to for instance
fuses is that switching time is independent of the passing
current, which implies instant switching.
[0046] In a further embodiment, switches in the form
of relays can be used for any one of the bypass switches,
disconnect switches and discharge switches, an advan-
tage being e.g. that the switches can be selectably con-
trolled to open and close (and subsequently to be closed
and opened again). One or more disconnected modules
could in that case be used as back-up in case these mod-
ules are functioning.
[0047] Figure 6 shows a flowchart of a method of dis-
connecting one or more battery modules in an automotive
battery according to an embodiment of the present in-
vention. In a first step S101, it is detected that one or
more battery modules are to be disconnected. Then, in
step S102, the at least one detected battery module is
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bypassed. Thereafter, in step S103, the at least one de-
tected battery module is disconnected from remaining
battery modules comprised in the automotive battery, ei-
ther simultaneously as, or after, the bypassing. Hence,
disconnection is performed no earlier than simultaneous-
ly as the bypassing.
[0048] Again with reference to Figure 6, a further em-
bodiment is indicated by step S104, where the detected
battery module is discharged either simultaneously as,
or after, the disconnection of the same. The vehicle can
during this time be driven to a workshop if required.
[0049] Figure 7 shows an arrangement for bypassing
all battery modules in an automotive battery according a
further aspect of the present invention, where a single
bypass switch is used to bypass all battery modules 11,
12, 13 from the main power delivery line 24 of the auto-
motive battery 10 via a single bypass path 18. In case
the battery modules only are to be disconnected in case
of a more severe accident, thus warranting instant dis-
connection of all battery modules 11, 12, 13, the arrange-
ment of Figure 5 is advantageous in that only a single
disconnect switch 15 is required for instantly bypassing
all battery modules 11, 12, 13 via the bypass path 18.
The single coil 31a senses the over-current in the bypass
path 18 and controls the respective disconnect switch
21, 22, 23 to disconnect all battery modules either simul-
taneously as, or after, the bypassing. With this particular
arrangement, the vehicle cannot be driven since all pow-
er is removed from the electric motor. It should be noted
that in this particular aspect, it may be advantageous to
have the single bypass switch 15 and the bypass path
18 located outside the automotive battery 10 as it gen-
erally is a more inexpensive solution.
[0050] The previously discussed embodiments of the
present invention are applicable also to the arrangement
of the third aspect of the invention. For instance, with
reference to Figure 8, a current sensing means 31b, 32b,
33b could be arranged at a terminal of the respective
battery module 11, 12, 13 for sensing an over-current
and signalling to the single bypass switch 15 (and pos-
sibly to the respective disconnect switch 21, 22, 23) that
the battery modules should be disconnected.
[0051] Even though the invention has been described
with reference to specific exemplifying embodiments
thereof, many different alterations, modifications and the
like will become apparent for those skilled in the art. The
described embodiments are therefore not intended to lim-
it the scope of the invention, as defined by the appended
claims.

Claims

1. A method of disconnecting at least one of a plurality
of battery modules in an automotive battery, the
method comprising the steps of:

detecting (S101) that said at least one battery

module is to be disconnected;
bypassing (S102) said at least one detected bat-
tery module to be disconnected; and
disconnecting (S103) said at least one detected
battery module from remaining battery modules
comprised in the automotive battery no earlier
than simultaneously as the bypassing of the at
least one detected battery module.

2. The method according to claim 1, further comprising
the step of:

discharging (S104) the at least one detected bat-
tery module no earlier than simultaneously as
the disconnection of the at least one detected
battery module.

3. The method according to any one of claims 1 or 2,
further comprising the steps of:

indicating to a user of the battery that said at
least one detected battery module is disconnect-
ed.

4. An arrangement for disconnecting at least one of a
plurality of battery modules (11, 12, 13) in an auto-
motive battery (10), the arrangement comprising:

a device (14, 31b, 32b, 33b) arranged to detect
that said at least one battery module is to be
disconnected;
a bypass switch (15, 16, 17) arranged at each
battery module, the bypass switch arranged at
the at least one detected battery module being
controllable to bypass the at least one detected
battery module via a bypass path (18, 19, 20);
and
a disconnect switch (21, 22, 23) arranged at
each battery module, the disconnect switch ar-
ranged at the at least one detected battery mod-
ule being controllable to disconnect the at least
one detected battery module from remaining
battery modules no earlier than simultaneously
as the bypassing of the at least one detected
battery module.

5. The arrangement according to claim 4, further com-
prising:

a discharge switch (25, 26, 27) and an energy
draining device (28, 29, 30) arranged at each
battery module (11, 12, 13), the discharge switch
arranged at the at least one detected battery
module being controllable to couple said at least
one detected battery module to the energy drain-
ing device for discharging of said at least one
detected battery module no earlier than simul-
taneously as the disconnection of the at least
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one detected battery module.

6. The arrangement according to claims 4 or 5, further
comprising:

means (31a, 32a, 33a) arranged at each battery
module (11, 12, 13) for sensing a current in the
bypass path (18, 19, 20) of said at least one
bypassed battery module, the means for sens-
ing a current being arranged to control the dis-
connect switch (21, 22, 23) to disconnect said
at least one bypassed battery module when the
current in the bypass path has reached a pre-
determined threshold level.

7. The arrangement according to claims 4 or 5, further
comprising:

means (31b, 32b, 33b) arranged at each battery
module (11, 12, 13) for sensing a current at a
terminal of the at least one battery module to be
disconnected, the means for sensing a current
being arranged to control the bypass switch (15,
16, 17) to bypass said at least one battery mod-
ule to be disconnected when the current at the
terminal has reached a predetermined threshold
level.

8. The arrangement according to claim 7, wherein:

the means (31b, 32b, 33b) arranged at each bat-
tery module (11, 12, 13) for sensing a current at
a terminal of the at least one battery module to
be disconnected further is arranged to control
the disconnect switch (21, 22, 23) to disconnect
said at least one battery module to be discon-
nected when the current at the terminal has
reached the predetermined threshold level.

9. The arrangement according to claim 7, wherein:

the means (31b, 32b, 33b) arranged at each bat-
tery module (11, 12, 13) for sensing a current at
a terminal of the at least one battery module to
be disconnected further is arranged to control
the discharge switch (25, 26, 27) to discharge
said at least one battery module to be discon-
nected when the current at the terminal has
reached the predetermined threshold level.

10. The arrangement according to any one of claims 6-9,
said means (31a, 32a, 33a, 31b, 32b, 33b) arranged
at each battery module (11, 12, 13) for sensing a
current being a coil.

11. The arrangement according to any one of claims
4-10, the disconnect switch (21, 22, 23) further being
arranged to receive a control signal, from an elec-

tronic control unit (14) of a motor vehicle in which
the automotive battery (10) is arranged, for discon-
necting said at least one detected battery module.

12. The arrangement according to anyone of claims
4-11, wherein the disconnecting switches (21, 22,
23) are pyrotechnical switches arranged to discon-
nect the battery modules (11, 12, 13) upon ignition
by the control signal of a pyrotechnical charge (40)
by causing a movable breaking element (43) ar-
ranged at the pyrotechnical charge (40) to move to
a position where the breaking element breaks a con-
nection (44) between the respective battery module
and a main power delivery line (24) of the automotive
battery (10).

13. The arrangement according to any one of claims
4-12, wherein the bypass switches (15, 16, 17) are
pyrotechnical switches arranged to close a bypass
path (18, 19, 20) upon ignition by the control signal
of a pyrotechnical charge (40) by causing a first mov-
able bridging element (41) arranged at the pyrotech-
nical charge (40) to move to a position where the
first bridging element closes the bypass path (42) to
the main power delivery line (24) of the automotive
battery (10).

14. The arrangement according to any one of claims
4-13, wherein the discharge switches (25, 26, 27)
are pyrotechnical switches arranged to couple the
disconnected battery modules to the energy draining
devices (28, 29, 30) upon ignition by the control sig-
nal of a pyrotechnical charge (40) by causing a sec-
ond movable bridging element (45) arranged at the
pyrotechnical charge (40) to move to a position
where the second bridging element closes a circuit
(46) between the battery module (11, 12, 13) and
the energy draining device.

15. The arrangement according to any one of claims
12-14, wherein at least of two of the bypass switch
(15, 16, 17), the disconnect switch (21, 22, 23) and
the discharge switch (25, 26, 27) at the respective
battery module (11, 12, 13) are combined in the same
housing and uses the same pyrotechnical charge
(40) for ignition.

16. The arrangement (10) according to any one of claims
4-15, further comprising:

a delay circuit arranged at each battery module
(11, 12, 13) to delay the control signal to one or
more of the respective bypass switches (15, 16,
17), disconnect switches (21, 22, 23) and dis-
charge switches (25, 26, 27).

17. An arrangement for disconnecting all battery mod-
ules (11, 12, 13) in an automotive battery (10), the
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arrangement comprising:

a device (14, 31b, 32b, 33b) arranged to detect
that the battery modules are to be disconnected;
a bypass switch (15) arranged at the automotive
battery controllable to bypass the battery mod-
ules via a bypass path (18); and
a disconnect switch (21, 22, 23) arranged at
each battery module, the disconnect switch ar-
ranged at the respective battery module being
controllable to disconnect said respective bat-
tery module from a main power delivery line (24)
of the automotive battery no earlier than simul-
taneously as the bypassing of the battery mod-
ules.

15 16 



EP 2 811 548 A1

10



EP 2 811 548 A1

11



EP 2 811 548 A1

12



EP 2 811 548 A1

13



EP 2 811 548 A1

14



EP 2 811 548 A1

15



EP 2 811 548 A1

16



EP 2 811 548 A1

17



EP 2 811 548 A1

18



EP 2 811 548 A1

19

5

10

15

20

25

30

35

40

45

50

55



EP 2 811 548 A1

20

5

10

15

20

25

30

35

40

45

50

55



EP 2 811 548 A1

21

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 2009106394 A [0003]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

